The association of lifestyle factors with the development of hypertension (blood pressure £ 140/90 mmHg) over a 3-year follow-up period was studied in 949 hypertension-free Japanese male office workers aged 35 to 54 years. From the Cox proportional hazards model, age, alcohol intake, body mass index (BMI) and hours of work were independent factors associated with the development of hypertension. Adjusted hazard ratios for 5-year increases in age, daily consumption of alcohol, 5-kg/m 2 increases in BMI and working 10 hours per day or more were 1.18 [95% confidence interval (Cl) = 1.02-1.35]; 1.53 (Cl = 1.14-2.05); 1.79 (Cl = 1.38-2.33) and 0.58 (Cl = 0.41-0.82), respectively. In the analysis using logistic regression, BMI was independently related to working 10 hours per day or more, controlling for other lifestyle factors. Adjusted odds ratio for 5-kg/m 2 increase in BMI was 0.66 (Cl = 0.49-0.88). These results suggest that the influences of long working hours on blood pressure are likely to be indirectly mediated through less overall obesity.
INTRODUCTION
In Japan, annual health examinations for employees have been conducted since 1972 under the Industrial Safety and Health Law. This law has contributed to health interventions for employees. Prevention of hypertension is one of the main purposes of these health examinations, because hypertension is the major cause of stroke, 1 the most common cardiovascular disease in Japan.
2 Many strategies for primary and secondary prevention of hypertension in clinics or work site populations have been developed. Although secondary prevention with the focus on diagnosis and treatment of hypertension is the goal of current public health efforts, the high prevalence of antihypertensive medication use and the adverse effects and costs of such drugs warrant concern.
3 '
Regarding primary prevention, the idea that daily health promoting practices such as adequate sleep, regular meals, physical exercise, avoidance of smoking and appropriate alcohol consumption may promote optimum physical health is generally accepted. 5 To promote primary prevention of hypertension at the workplace, the evaluation of a worker's lifestyle in the stage of primary prevention is considered important, and the lifestyle factors related to the development of hypertension have to be identified. In this report on a longitudinal population study based on annual health examinations at the workplace, we have tried to identify the lifestyle factors in the chain of causation by estimating the risk of incidence of hypertension among middle-aged Japanese men.
MATERIALS AND METHODS

Study cohort
To evaluate the lifestyle factors related to blood pressure increases, a systematic surveillance of the incidence of hypertension between 1994 and 1997 among employees of T Corporation which is, one of the biggest building contractors in Osaka, was conducted. The surveillance population consisted of 1,367 Japanese male office workers aged 35-54 years in May 1994. At the initial examination, blood pressure was measured by technicians properly trained to measure blood pressure for epidemiological surveys. Blood pressure was measured to the nearest 2 mmHg with a standard sphygmomanometer on the right arm of subjects sitting after 5 min rest. Korotkoff phases I and V were taken to determine systolic and diastolic blood pressure, respectively, and diagnosis of hypertension was based on World Health Organisation criteria. 6 Hypertension was defined as systolic blood pressure £ 160 mmHg and/or diastolic blood pressure ; > 95 mmHg, while normotension was denned as systolic blood pressure < 140 mmHg and diastolic blood pressure < 90 mmHg. Subjects with blood pressures between these categories were defined as having borderline hypertension. Medical history and history of use of prescribed drugs for each subject were also assessed by the examining physician. Of a total of 1,367 subjects, 257 (18.8%) were identified as borderline hypertensive, and 138 (10.1%) as hypertensive at the initial examination. For 23 subjects (1.7%) who had been administered medical care for, or had a past history of hypertension, normotensive blood pressure was registered. The remaining 949 subjects constituted the hypertension-free cohort, consisting of subjects who had had no medical treatment for, and no past history of hypertension, and who were identified as normotensive at the initial examination. Subjects who were found to be hypertensive above the borderline level during repeat surveys up to May 1997 were defined as incidental cases of hypertension. There were no subjects who began to use antdhypertensive drugs during the observation period. Follow-up until May 1997 could be completed for only 869 subjects (91.6%), because 80 (8.4%) had transferred to another locality or had retired by the time the follow-up study was conducted.
Study items
The health examinations at entry included a questionnaire on health promoting practices and physical examinations. Regarding health promoting practices, we chose the seven items (hours of sleep, appropriate body weight, regularity of exercise, moderate alcohol consumption, smoking abstinence, regularity of breakfast and moderation of between meal snacks) identified in the studies of Belloc Analytic procedures
The incidence of hypertension was defined in terms of the year in which hypertension above the borderline level was identified during the annual health examinations. The Cox proportional hazards models were used to evaluate the univariate and mulu'variate relations between the characteristics at entry and the development of hypertension. The logistic regression analyses were used to evaluate the multivariate relations between working hours and other health promoting practices. Data analysis was performed with the SPSS/PC statistical package (Marija J. Norusis/ SPSS Inc., Chicago, Illinois). All reported p-values are two-tailed and the level of significance was p < 0.05. Table 1 shows the characteristics of hypertension-free subjects at baseline according to age. Overall obesity, eating breakfast, nutritional balance, physical exercise, hours of work, and hours of sleep differed significantly among the four age groups. The proportion of the subjects who had a BMI of 26.0 kg/m 2 or more was the highest among those aged 40-44 years. The percentages of those who did not eat breakfast every morning or did not eat a nutritionally balanced diet were the lowest among those aged 50-54 years. The percentages of those who hardly ever exercised, worked 10 h per day or more or slept less than 7 h per night decreased along with an increase in age. On the other hand, cigarette smoking, alcohol intake, and eating between meals did not differ significantly among the four age groups. (CI = 1.44-2.39) for 5-kg/m 2 increase in BMI and 0.51 (CI = 0.36-0.72) for working 10 h per day or more. There were no significant associations between the incidence of hypertension and cigarette smoking, eating breakfast, eating between meals, nutritional balance, physical exercise and hours of sleep. Table 3 shows adjusted HRs for the incidence of hypertension in a multivariate model in which factors independently associated with the development of hypertension were identified through mutual adjustment. Age, alcohol intake, BMI and hours of work remained as statistically significant factors associated with the development of hypertension. Adjusted HRs for 5-year increase in age, consuming alcohol every day, 5-kg/m 2 increase in BMI and working 10 h per day or more were 1.18 (CI = 1.02-1.35); 1.53 (CI = 1.14-2.05); 1.79 (CI = 1.38-2.33) and 0.58 (CI = 0.41-0.82), respectively.
RESULTS
To determine if any of the risk factors were independendy related to working 10 h per day or more, logistic regression analyses were performed (Table 4) . Age, BMI and hours of sleep were independent risk factors associated with working 10 h per day or more. Adjusted odds ratios (ORs) for 5-year increase in age, 5-kg/m 2 increase in BMI, and sleeping less than 7 h per night were 0.66 (CI = 0.58-0.76); 0.66 (CI = 0.49-0.88) and 2.17 (CI = 1.56-3.01), respectively. ORs for eating between meals and physical exercise did not achieve statistical significance, but ORs for eating between meals every day and hardly ever exercising were 1.27 and 1.28, respectively. 
DISCUSSION
Lifestyle-related factors such as obesity and drinking habits are well-established determinants of high blood pressure.
9 " 11 In this study, we also found that overall obesity as indicated by BMI and regular alcohol intake were maintained as independent risk factors for the incidence of hypertension. Although only about 10% of our participants were deemed overweight, even with the use of a BMI cut point for overweight categorization which was less than the average BMI in Americans, 12 it may be important enough to promote the health education programme for appropriate body weight at the workplace, as shown by weight control in therapeutic trials. 13 ' 14 Alcohol intake in Japan, especially among men, is high and has been gradually increasing. 15 Considering the beneficial effect of a reduced alcohol intake on blood pressure, 16 ' 17 such a reduction may prove to be a factor in the primary prevention of hypertension for this population.
On the other hand, there were no significant associations between cigarette smoking, eating breakfast, eating between meals, nutritional balance, physical exercise and hours of sleep and the development of hypertension. However, the positive relationship between the whole spectrum of physical health and health promoting practices such as smoking abstinence, regularity of breakfast, moderation of between meal snacks, and regularity of exercise has been shown to be cumulative, with those who followed actual day-by-day health practices being in better health, even though older, than those who failed to do so. 5 ' 7 Furthermore, body fat, which is the most important factor associated with a predisposition to hypertension, 10 is closely followed by salt intake, 18 particularly when coupled with a low intake of potassium, 19 and physical inactivity. 20 Health promoting practices are also reported to be significandy related to mental health. 21 ' 22 In others studies, it has been shown that the frequency of chromosome aberrations is lower 23 and the natural killer cell activity is higher 24 in people with healthier lifestyles. These associations of health promoting practices with better physical and mental health status, irrespective of hypertension, warrant the promotion of healthier lifestyles.
As for the effect of long work hours on health, working long hours has been shown to be related to coronary heart disease, 25 ' 26 stress, 27 ' 28 mental health, 29 indefinite complaints, 30 fatigue, 31 dissatisfaction with work, 32 and depression. 33 Furthermore, in Japan, Uehata 34 reported that the phenomenon of sudden death was strongly linked to overwork. He showed that of the occupational accident counselling cases, 70.1% of overfatigue deaths (karosht) due to stroke or cardiac diseases was caused by long working hours. However, few studies on the association between long working hours and long-term blood pressure and the predisposition to hypertension have been published. Schwartz et al. 35 reported a prospective arm of their studies in which it appeared that high job strain was a stronger predictor of subsequent blood pressure elevation than obesity in male employees studied for 3 to 6 years. On the other hand, Lindquist et al} 6 have recently reported in a study of workers in a government tax office that work stress per se had no direct effect on blood pressure, but the ways that individuals reported coping with stress were significandy related to blood pressure, with blood pressure elevation effects appearing to be mediated largely by maladaptive or unhealthy coping behaviours such as excessive consumption of food, cigarettes, or alcohol, and physical inactivity. In this study, working 10 h per day or more was an independent negative factor associated with the development of hypertension and was highly related to several maladaptive lifestyle factors such as eating between meals, physical inactivity and fewer hours of sleep per night. On the other hand, overall obesity indicated by BMI was independendy negatively associated with long working hours, and less overall obesity was regarded as an adaptive or healthy coping behaviour. Hence, if there are any influences of long working hours on blood pressure in this population, they are likely to be indirectly mediated through coping mechanisms and associated lifestyle changes relating to less overall obesity.
The contribution of long working hours to long-term blood pressure regulation is still uncertain. 'Adaptive' and 'maladaptive' lifestyle factors are highly related to working long hours and these may be the actual link with chronic blood pressure elevation. Strategies for non-pharmacological management and prevention of hypertension should take greater account of coping mechanisms which underlie dietary, drinking, smoking and exercise habits. Further research is needed to establish whether working long hours affects long-term blood pressure independently or is bad for health. Hypertension develops gradually over a period of years, and identification of incidental cases of elevated blood pressure is a problem in conducting longitudinal studies of this common condition. Variability of measurements of blood pressure is known to occur, 38 
*
39 and makes it difficult to establish both normotension at baseline and subsequent incidence of hypertension in epidemiological studies in which investigators rely on a limited number of readings of blood pressure. We are fully aware of the limitations resulting from our dependence on casual blood pressure readings to define persons at risk and those developing elevated levels of blood pressure. However, subsequent elevation of blood pressure or cardiovascular disease was predicted equally well by casual blood pressure readings as by near-basal blood pressure readings, 40 so that casual readings may also be useful for the definition and study of hypertension incidence.
A second problem concerns the cases which could not be followed up until the end of observation. In this study, non-followed up cases did not differ from followed-up cases with respect to age and lifestyle at entry. We therefore believe that the influence of non-followed-up cases on estimations of the incidence of hypertension was not very strong.
A third problem is that the normotensive cohort in this study, particularly in older age groups, may not be typical of the general population. Individuals whose blood pressure was already elevated beyond the borderline level when they were younger or who reported having been administered medical treatment for hypertension or who reported a past history of hypertension during the initial examination were excluded from this survey. Thus, a healthy worker effect may exist in this study.
Despite these potential limitations, our findings, obtained from a cohort of middle-aged Japanese men, support the conclusion that overall obesity and regular alcohol intake are closely associated with the risk of development of hypertension. Our data also indicate that working long hours does not represent an independent predictor of future hypertension.
